Payette, Idaho, is a small community located approximately 70 miles east of Boise, near the Idaho/Oregon border. One of the highlights of Payette is its community pool complex, consisting of two outdoor pools and an indoor pool. The pool facility is located at the Payette City Park and is an important element of the city's recreational facilities. Seeking alternatives to manage escalating costs, Payette took advantage of its partnership in the U.S. Department of Energy's (DOE's) Rebuild America Program and requested outside assistance through its Idaho State representatives. Pacific Northwest National Laboratory (PNNL), one of DOE's multi-program national laboratories, was tasked to provide assistance. The objective of the study was to identify methods to lower the cost of operation, to lower energy consumption, and to create a more pleasant environment within the pool facility.
Introduction
The Payette City Pool is located at the Payette, Idaho, City Park. The complex consists of three gasheated pools: an indoor swimming pool, an outdoor swimming pool, and an outdoor wading pool. The walls enclosing the two long sides of the pool building can be removed during warm weather, making it a third outdoor pool.
Staff at Pacific Northwest National Laboratory (PNNL) studied and performed evaluations on the pool facility for energy-conservation measures and actions to lower the annual energy costs of the pool complex. PNNL staff analyzed the utility billing data and a number of energy-conservation opportunities. Conservation opportunities analyzed include adding pool covers and a solar water-heating system, sealing and insulating the building envelope, optimizing the pool schedule, and incorporating several no-or lowcost energy-saving recommendations.
2.1

Facility Description
The Payette City Pool was constructed in 1973. The complex consists of one indoor and two outdoor pools, one of which is a shallow wading pool. The three pools are heated with a single 1.16 million Btu/h (Mbtu/h) natural gas-fired boiler. There are two circulation pumps, one for the indoor pool and one for the outdoor pools. Each pump is 7.5 h.p. and operates 24 hours per day during the pools' respective operating seasons. 
Physical Data
Hours of Operation
The pool facility is operated year round by the City of Payette. 
Utility Bill Analysis
The City of Payette staff provided electric, natural gas, and water-utility data. The data were examined for trends and anomalies and were used in the assessment and economic analyses. Graphs for the electric and natural-gas cost/consumption data are included in this report with a brief discussion of observations. The applicable City of Payette Electric and Gas Utility Rate schedules are shown in Appendix A. Detailed utility cost breakdowns are available in Appendix B.
Utility Cost Analysis
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Monthly Billing Cost
Gas Electricity The operation of the Payette City Pool consumed 57,361 therms of natural gas and 151,364 kWh of electricity, equating to a total energy purchase of $41,733 in 2000.
Two issues stand out from the utility bill natural gas data as illustrated in Figure 3 .1-the anomalous reading in February 2000 and a significantly greater cost of operation during the winter of 2001 compared to the prior two years. Both issues are examined further below. Discussions of electric utility bills, consumption, and demand also follow. As shown in Figure 3 .2, electric costs appear to directly correlate with consumption. Although the correlation exists, it is due to a change in the rate ($/kWh) and the addition of the basic load capacity (BLC) charge. Annually, electric consumption is flat over the period examined. The large increase in electric cost for July 2001 is because of a rate increase of over 60% in electric usage cost (kWh).
3.2
Electricity Cost Analysis
The customer charge is a fixed cost that does not provide a cost-savings opportunity. The demand cost is flat and minor relative to consumption.
3.3
Natural Gas Cost/Consumption Analysis Figure 3 .3 that the fuel cost for February 2000 does not appear to be in line with the other billings and cannot be accounted for based on consumption. We are unable to determine if there was a temporary, one-month increase in the cost per therm or if there may have been an incorrect billing. The City should further investigate with their gas supplier to obtain confirmation. If an error was made, it would appear that the error is in favor of the City.
Fuel usage and costs in the 2001 winter trended higher than the previous two years, contributing to the significantly higher utility bills in that time period as illustrated in Figure 3 .1.
During the summer months, all three pools are in use and cost about $2,000 a month to operate. During the winter months, only the indoor pool is in use, and yet it costs over $5,000 a month to operate. Although energy and cost savings opportunities exist for all three pools, the indoor pool presents the largest opportunity.
Since natural gas is the largest component of total utility cost, opportunities aimed at reducing natural gas consumption would have the biggest impact on cost.
4.1
Energy Conservation and Retrofit Options
PNNL staff analyzed four major energy-conservation and retrofit options for the Payette City Pool: adding pool covers, adding a solar water-heating system, sealing and insulating the building envelope, and implementing no-and low-cost maintenance and operations options. The maintenance and operations energy-savings options include optimizing the pool schedule, incorporating low-flow showerheads and faucet aerators, insulating hot-water pipes, and setting back the water-heater temperature (discussed in Section 5.0). Costs used in the analyses are expected marketplace values and may vary by supplier. The pool covers and solar collectors were analyzed using the Energy Smart Pools Software. See Appendix C for Energy Smart Pools Software specifications. Building sealing and insulating options were analyzed using the Facility Energy Decision System (FEDS) software. See Appendix D for more information on FEDS. Life-cycle cost methodology was used for analyses, and examples are provided in Appendix E.
Pool Covers
Both vinyl and insulated pool covers were examined. A vinyl pool cover is any heavy-duty sheet cover and has an R-value significantly less than 1. An insulated pool cover has insulation material between two layers of vinyl and has an R-value of 2.0. Pool covers have a moderate up-front cost compared to the savings that are realized. While the initial disruption of pool routine to adjust to putting the cover on every night and removing it every morning can be an inconvenience, the low maintenance and immediate savings show a desirable trade off. Automatic and semi-automatic systems that extend and retract covers were not analyzed.
Using either pool cover realizes energy savings that result from reduced evaporation from the pool. Table  4 .1 illustrates the energy-savings results from adding pool covers to the indoor, the outdoor, and all three pools. The Cost/sf column describes the cost of the cover per square foot of pool area covered. This in turn is translated into the Total Cost of the cover. Energy Savings is measured in therms and these data are then translated into dollars saved (Savings) annually. The Payback column illustrates how many years (or portion of a year) the cover would need to be used to pay for itself with the savings earned. With the indoor pool, the vinyl cover is a less expensive first-cost alternative to the insulated cover with the same energy savings being realized. The outdoor pool shows that although the insulated pool cover gave an annual energy savings of $321 more than the vinyl cover, the insulated cover was $1302 more in up-front costs and therefore has a longer payback than the vinyl cover. Putting covers on all of the swimming pools shows the greatest overall energy savings with both the vinyl and the insulated pool covers being very effective. Of course, a combination of insulated pool covers on the outside pools and vinyl on the indoor pool is also an option. The vinyl on the indoor pool would be a cost savings of $10,779, and the insulated on the outdoor pools would constitute a savings of $3,348. These would combine for an annual savings of $14,127-the same as if they were all insulated.
Solar Water-Heating System
Two types of solar water-heating systems are used in the industry, glazed and unglazed. Glazed systems are much more expensive, about three times the cost of unglazed, but are capable of heating year round even in areas that reach freezing conditions. Glazed systems are also more complex in design, thus requiring additional maintenance. Unglazed systems are less expensive, but can only be used in the absence of frost, typically during summer months. These systems should be viewed as representative of the current technology. This analysis is intended to be the first step in a more detailed analysis of specific solar systems that considers space availability, placement, orientation, shading, and other information needed for the system.
A number of solar-collector configuration options were analyzed comparing glazed and unglazed collectors over different collector areas. These are summarized in Table 4 .2 (Unglazed) and Table 4 .3 (Glazed). The numbers in both tables reflect both indoor and outdoor pools. The first column in both tables, Total Pool Area, shows the percentage of pool area that the collector would cover if it were placed onto the pool. In reality, the solar collector would be mounted on the roof of the pool building. The Collector Area in square feet multiplied by the cost per square foot gives the Total Cost of the solar system. The Annual Energy Savings are categorized in both therms and dollars for convenience, and the number of years to pay back the initial cost is calculated in the last column. The graphic portrays the concept for a roof-mounted solar collector. The actual collector area would be larger, depending on the amount of pool area served.
4.4
The State of Idaho offers loan programs that may be available to the City; this could provide a low-cost method to acquire solar water heating systems. For more information on these loan programs, contact: 
Sealing and Insulating the Building Envelope
Using FEDS, a building-simulation, decision-making software for energy efficiency, PNNL staff analyzed a number of options representing different levels of insulating the pool building. (See Appendix D for FEDS specifications.) In these analyses, insulation is added to the roof and walls to lessen heat loss to the environment, thus lowering the air heating requirement in the winter. The installation of the recommended building insulation also would lower the pool heating costs. Sealing and insulating the pool building shows a clear benefit in these simulations. To achieve the maximum savings, the building must be properly sealed to prevent heat loss by infiltration.
Referring back to Figure 3 .3, during the winter months, only the indoor pool is in use, yet it costs over $5,000 to operate. The energy used is to heat the indoor pool and the conditioned space. Therefore, sealing and insulating the building would provide savings both in water heating and space heating.
While the option of sealing and insulating the building is very energy efficient, the natural light within the indoor-pool area and the ability to remove the panels between the indoor and outdoor pools during the summer months would be eliminated. This particular concern can be addressed in a number of ways. One solution would be to design the ceiling material to use reflective light instead of direct light. This could be accomplished by hanging large lights from the ceiling that do not shine down directly onto the swimming pool but instead shine onto the ceiling surface that would then reflect a diffused light that reduces glare for swimmers. Skylights, light wells, and light tubes used in conjunction with indoor lighting are another solution that would allow natural light all year round and/or can be opened during the summer months. Some of these daylighting systems are available that are permanently closed or have mechanical mechanisms permitting opening and closing.
A comparison of relative costs and savings for the building-insulation options are summarized in Table 4 .4. This analysis modeled the pool structure only and did not include the shower, locker room, and front-desk area. A discussion of separating these areas follows. Simple Saver? (available in R-30 or R-19) is a type of fiberglass insulation that is placed between the ceiling and the roof of the building. It gives fairly consistent insulation properties throughout the building. The over-the-purlin installation technique uses insulation that is draped over the supports of the building roof. These supports not only support the roof but also have the ceiling attached to it. These supports are called purlins. The R-30 insulation is laid across the purlins and allowed to sag into the space between them. This type of insulation is less expensive, but the insulation properties are inconsistent and therefore a final value of R-11 (rather than R-30) is achieved.
An important consideration in insulating the building envelope is air moisture removal. The code requires that 0.5 cubic feet per minute (cfm) of outdoor fresh air be supplied to the pool area at all times. This number can easily be doubled to 1 cfm supplied and exhausted, to reduce moisture problems in the pool building. Moving that amount of outdoor air is costly and energy consuming. A heat recovery system is recommended to alleviate some of these energy costs. This solution would require a ducted exhaust fan located near the supply duct in place of the three existing fans on the east end of the building.
5.1
No-Cost/Low-Cost Operation and Maintenance Conservation
Optimizing regular operations and enhancements to maintenance routines are effortless to implement and will often result in immediate benefits. Regularly-scheduled maintenance and repair of the building is a simple low-cost solution to immediate and long-term energy and dollar savings.
Optimize Hours of Operation
Operating the indoor pool in winter is two to three times more costly than operating all three pools in summer. Optimizing the amount of time the facility is occupied or an activity is taking place can improve the energy efficiency of the facility. The annual schedule of operation should be reviewed with the various user groups to see if schedules can be "tightened-up" without undue inconvenience. Decisions where there are conflicts may need to be made at a Council level after weighing the overall goals of the City versus the desires of the users.
Explore ways to increase the number of users during open periods. There are analytical tools and methods that do a reasonable job of quantifying the societal value of services such as a community pool, which can then be compared to the cost of operation. The pools' operation can be optimized based on the relationship of societal value to operating cost. That type of analysis was not performed.
Low-Flow Showerheads/Faucet Aerators
A number of showerheads and facet aerators are damaged or missing, and the remaining units do not appear to be of the reduced flow type. As part of the normal operations and maintenance of the facility, consider immediate replacement of the existing showerheads with the low-flow type. This is a cost that would be recovered quickly. A variety of styles of showerheads are available that are easily installed, are corrosion resistant, and need less pressure to give the same water flow through the head. Faucet aerators are also available in low maintenance styles that reduce clogging and are corrosion resistant.
Insulate Domestic Hot-Water Piping
Adding pipe insulation from the main water heater in the mechanical room to the shower/restroom areas where accessible is another low-cost option that would have beneficial results. Once the insulation is in place, there is virtually no maintenance needed except an occasional check to ensure that the insulation is still in place. The Idaho code requires insulation that is at least a ½ inch thick with an R-value of 1.75.
5.2
Verify Water-Heater Temperature Setpoint
As an operations and maintenance activity, verify that the water-heater temperature setpoint is set to no greater than 120º F. Reducing the temperature would reduce standby losses without compromising comfort. This is also an ideal safety measure to prevent accidental injuries from excessive hot-water temperatures.
6.1
Energy Technologies Not Analyzed
Many more energy-efficiency technologies exist than can be addressed in this limited evaluation. Nevertheless, there are technologies that were examined, but not analyzed, that the authors feel should be highlighted.
Hot Tub
The hot tub, located within the indoor pool building, represents an energy load and cost. Technology and operational changes to improve efficiency and reduce costs were not analyzed. Nonetheless, keeping the hot tub covered when not in use and turning off the water heaters whenever possible would provide measurable savings. A simple and quite effective way to reduce heat loss when the hot tub is unoccupied for a short period of time is to cover it with bubble pack.
Solar Wall
Transpired solar wall systems are used to preheat and even augment space heating. Solar wall systems were examined and determined not practical for this application. The amount of surface area required for a viable system is considerably more than available. In addition, given the existing configuration for the indoor pool-space heating system, incorporating a solar wall would be difficult.
Dehumidification
Dehumidification of the indoor pool's heated space was examined, but not analyzed. Outside air used for purging and space heating is dry enough that mechanical dehumidification is not necessary. Implementing mechanical dehumidification would result in a net increase in energy consumption.
Water Savings
Water-saving opportunities were not analyzed because the City does not bill itself for water. Nonetheless, any water-saving measures implemented would result in a cost savings from reduced need for watertreatment chemicals.
7.1
Non-Energy Related Improvements
Non-energy related improvements are those that are not designed to directly impact short-term energy savings, but would show a return in the long run due to maintenance and operations savings, reducing heating and cooling needs, and eliminating the need for crisis repair work.
Changes to Building Façade
During the PNNL visit to the pool facility, several Council members expressed a desire to change the façade of the facility. While this may not directly improve the energy efficiency of the facility, we provide the following recommendation should the City elect to upgrade the existing façade.
Exterior Insulating Finish System (EIFS), also known as synthetic stucco, is a multi-layered exterior wall system that is used on both residential and commercial buildings. EIFS provides outstanding energy efficiency and offers quite a bit of design flexibility using color and texture. These systems provide a three-fold benefit:
1. Continuous insulation over the entire building, which, in addition to increased thermal insulation, effectively captures the thermal mass of the concrete masonry unit construction within the building envelope.
2. Design flexibility with architectural details. EIFS provides a great variety of colors, textures, and architectural patterns to increase the aesthetics of the building.
3. Maintains the durability of the indoor surface of the walls.
Air Conditioning in the Shower/Locker Room Areas
The existing shower/locker room areas are common with the pool area, but are served by a separate natural gas air handler. To provide more control over temperature, humidity, and to some degree mold and mildew, an air-conditioning coil can be added to the existing air handler. The cost to do this is approximately $1200 to $1500 per ton of cooling required. Air conditioning would increase the operating cost, but is a long-term investment in the overall quality of the environment that the users experience.
Isolate Shower/Locker Room from Pool
Another consideration to adding air conditioning is physically separating the shower/locker room and pool areas. The separation could be glass partitions similar to the aluminum storefront systems typically used in commercial buildings. Sets of double doors can provide a vestibule space to provide a "buffer" between the two areas. This would be necessary to control the amount of moisture exposed to the airconditioning coil that supplies air to the locker room and shower areas.
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